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Hand injuries are the main cause of work-related disability in young adults. We have de-
vised the Modified Hand Injury Scoring System to quantify hand, wrist and forearm in-
juries. This study aims to determine its value in predicting ability and time taken to
return to work after such injury. Prospectively-assigned MHISS at presentation was com-
pared with demographic, injury, employment and quality of life information 40–52 months
after acute hand or forearm injury. MHISS score was the only variable investigated found to
predict ability to return to work. Factors not associated included age at injury, occupation,
hand injury side or dominance, main earner status and compensation-seeking. Median
time to return to work increased from 30 to 760 days for Mild and Major MHISS categories
respectively. Injury severity quantified using MHISS is an important determinant of return
to work after hand or forearm injury. Only 60% of patients return to work following a Major
injury and may take over a year to do so. Such information may allow the patient to make
early informed personal financial and retraining decisions after their injury.
ª 2007 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction future level of disability but could also rapidly identify thoseHand injuries contribute significantly to the workload of all
Accident and Emergency departments.1 The hand is crucial
for adaptive skills and independent functioning, and hand in-
juries therefore have both personal and social consequences.2
They can also have an economic impact by affecting the abil-
ity to performwork.3 Hand injuries are themain cause of work
related disability in young adults.4 The severity of upper limb
injury is likely to influence the degree of long-term disability
and determine whether subsequent return to work is possible
in its original or modified form.
It would be advantageous to predict early which patients
will not be able to return to their former employment. This
could not only assist in the psychological preparation for the, 6 St George Wharf, Lon
Urso-Baiarda).
al Associates Ltd. Publishwho might benefit from retraining in new skills, minimising
the economic impact of their injury. The Hand Injury Severity
Scoring System (HISS)5 was designed as a descriptive severity
scoring system for hand injuries distal to the carpus. Although
envisaged as an immediate measure of severity and guide to
likely outcome, the HISS currently remains a research tool,
partly as a result of its application that is limited to injuries
distal to the carpus.Wehave devised theModifiedHand Injury
Scoring System (MHISS) based on the HISS but permitting
quantification of wrist and forearm injuries as well as hand
injuries.
This study aims to determine theprognostic value ofMHISS
in determining return to work in terms of (a) length of time off
work after injury and (b) ability ever to return to work.don SW8 2JE, UK. Tel.: þ44 7947 574 544.
ed by Elsevier Ltd. All rights reserved.
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This study is based on a subset of patients seen at the Welsh
Centre for Burns and Plastic Surgery (WCBPS) over 12 months
between April 2000 and April 2001 with an acute hand or fore-
arm injury, involved in a previous study to describe the epide-
miology of hand injuries by severity. Over the year, details on
a total of 1306 patients seen at the centre with varying degrees
of hand injuries were recorded. Each patient was assigned
a Modified Hand Injury Severity Score (MHISS) as described
below. For the present study, patients in employment at the
time of injury were categorised into four levels of injury sever-
ity using MHISS and a sample of 50 randomly drawn from
each group were invited to participate in the study.
The study population was invited either to complete
a postal questionnaire or to participate in a semi-structured
telephone interview after a follow-up period of between 40
and 52 months. In the first instance all patients were sent
a postal questionnaire with a return stamped addressed enve-
lope. Patients wishing not to participate were asked to return
the uncompleted questionnaire. In order to avoid non-
response bias from those physically incapable of completing
a written questionnaire (perhaps as a result of a previous
hand injury) but wishing to participate, those returning nei-
ther a completed nor an uncompleted questionnaire were
approached for telephone interview. Up to three attempts
were made to conduct a telephone interview, in morning,
afternoon and evening sessions. If all attempts were unsucc-
essful the patient was considered a non-respondent. In re-
spondents, information gathered by verbal or written
questionnaire related to former occupation, hand dominance,
return to work and employment modification. Stated occupa-
tions were classified according to the Standard Occupational
Classification 2000 (SOC 2000, Table 1). This study was ap-
proved by the Local Research Ethics Committee.
The MHISS is based on the previously-described HISS scor-
ing system5 but modified to include injuries proximal to the
carpus (Fig. 1). Hand and forearm injuries are considered in
terms of their Integument, Skeletal, Motor and Neurovascular
(ISMN) components. Each ISMN component contains both
absolute scores and scores which are weighted according to
the functional importance of the affected ray. For instance,
thumb injuries are given a greater weighting than little fingerTable 1 – Major categories from Standard Occupational
Classification 2000
SOC category Description
1 Managers and senior officials
2 Professional occupations
3 Associate professional and technical
occupations
4 Administrative and secretarial
occupations
5 Skilled trades occupations
6 Personal service occupations
7 Sales and customer service occupations
8 Process, plant and machine operatives
9 Elementary occupationsinjuries. The total score for each component is doubled by the
presence of additional factors such as wound contamination,
a compound fracture, crush or avulsion. In amputations, all
missing structures are scored as damaged. The overall MHISS
is the total of the scores for each ISMN component. TheMHISS
score is grouped into four categories: Minor, Moderate, Severe
or Major injury, as described for the HISS by Campbell and
Kay5 (minor, MHISS <20; moderate, MHISS 21–50; severe,
MHISS 51–100; major, MHISS >101).
Response rates were compared by severity group and pa-
tient demographics. The relationship between MHISS score,
demographic and injury features (age (continuous), sex, occu-
pation, main earner status, dominance of injured hand and
compensation seeking) and return to work status were ana-
lysed using univariate andmultivariate statistical tests. For bi-
nary data we used logistic regression, ANOVA for continuous
variables and performed survival analysis using Kaplan–Meier
and Cox regression.3. Results
3.1. Population characteristics
From the random stratified selection of 200 patients
approached for inclusion in the study, 24 had been incorrectly
classified as employed at the time of injury and were ex-
cluded. There were 84 responders from the remaining 176
patients, yielding a response rate of 48%. The mean age of re-
sponders was 39.4 years (range 17–63) and the median MHISS
score was 24 (range 2–712). The responders had more severe
hand injury and were slightly older than the non-responders
(see Table 2).
3.2. Ability to return to former employment
The 16 patients (19%) who did not return to their previous em-
ployment consisted of 4 (25%) who returned to a modified
form of their job, 5 (31%) who changed job and 7 (44%) who
did not work again. The proportion of patients from each
MHISS category returning to former work is illustrated in
Fig. 2. MHISS score was the only predictor of return to work
among the factors examined, those with more severe injury
being less likely to return to work. The mean MHISS of people
who eventually returned to work (n ¼ 68) and those who did
not (n ¼ 16) were 55.8 and 151.5 respectively ( p ¼ 0.002, 95%
CI 36.8–154.6). Factors not found to be associated with return
to work were age at injury, hand injured (right or left), domi-
nant hand injury, occupation, main earner status or compen-
sation-seeking behaviour.
3.3. Time to return to former employment
Among the study population, 68 patients (81%) were able to
return to former work. Time off work data was unavailable
for 5 excluded patients. The numbers returning toworkwithin
a year were 88% (21/24), 82%(16/20), 50% (14/22) and 28% (5/18)
in the mild, moderate, severe and major categories respec-
tively (Fig. 3). Using Kaplan–Meier, the median time to return
to work for Mild, Moderate, Severe and Major MHISS
INTEGUMENT
ABSOLUTE
Skin loss to hand or forearm Dorsum 5
10 
<1cm2
>1cm2
<1cm2
>1cm2
>5cm2
<1cm2
>1cm2
<1cm2
>1cm2
<1cm2
>1cm2
>5cm2
20 
Volar 10
20
40
WEIGHTED (See “Weighting Factors”)
Skin loss to digit Dorsum 2
3
Volar 2
6
Pulp <25% 3
>25% 5
Skin laceration
If extends across more than one 1
ray, include in both ray scores 2
Nail bed damage 1
If wound crushed, dirty or contaminated: DOUBLE the score
SKELETAL
ABSOLUTE
Any forearm fracture 20
WEIGHTED (See “Weighting Factors”)
Simple shaft 1
Comminuted shaft 2
Intra-articular DIPJ 3
Intra-articular MCPJ 4
Intra-articular PIPJ/IPJ/thumb 5
Dislocation Closed
Open
2
4
Ligament injury Sprain
Rupture/avulsion
2
3
If fracture is open: DOUBLE the score
Digital fracture
Fig. 1 – The Modified Hand Injury Severity Score.
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118 days (95% CI 72–164) and 760 days (95% CI 438–1081) re-
spectively (Fig. 3). An increased return to work rate was noted
for patients in all injury severity groups at or around
6 months, 1 year and 2 years.
Hazard ratios (odds of not returning to work) in the major
category compared to mild was 4.7 (95% CI 2.1–10.4) and in
the severe category was 3.8 (95% CI 1.7–8.8), although there
was no significant difference betweenmild andmoderate cat-
egories (1.9, 95% CI 0.9–4.4). Excepting mild and moderate cat-
egories, the time to return to work increased with increasing
MHISS severity category ( p < 0.0001).4. Discussion
This is the first description of the MHISS score. The main ad-
vantage of the MHISS over the HISS score is that the formerpermits quantification of both hand and forearm injuries, un-
like the latter. Since wrist and forearm injuries frequently co-
exist with hand injuries, it is useful to quantify these using
a single scoring system. In the original description of HISS5
and in subsequent studies6,7 HISS severity was correlated ret-
rospectively with time off work. We are not aware of a previ-
ous study to evaluate prospectively the relationship between
HISS, or any modification of it, with time off work, the ability
to return to work or the need to alter work.
In order to establish construct validity of any new scoring
system such as MHISS it is optimal to compare it with an
established scoring system. No alternative validated scoring
system permits quantification of hand, wrist and forearm in-
juries, although HISS can quantify isolated injuries distal to
the carpus. MHISS has been designed to be quantitatively
identical to HISS for such injuries (in order to facilitate com-
parison with previous studies) and therefore the two scoring
systems have not been compared since correlation would by
MOTOR
ABSOLUTE
Wrist flexor or extensor (each) 10
WEIGHTED (See “Weighting Factors”)
Proximal to PIPJ 1
Distal to PIPJ 3
Flexor profundus
(incl. FPL)
Zone 1 6
Zone 2 6
Zone 3 5
Zone 4, 5, belly 3
Flexor superficialis Distal to wrist 5
Proximal to wrist 2
Intrinsic muscles 2
Crush or avulsion of above: DOUBLE the score
NEUROVASCULAR
ABSOLUTE
Nerve Main median n. 60
Main ulnar n. 60
Motor branch of median n. 30
Deep branch of ulnar n. 30
Artery Radial artery 10
Ulnar artery 10
WEIGHTED (See “Weighting Factors”)
One 3
Both 4
Digital artery One 3
Both 6
Crush or avulsion of neurovascular bundle: DOUBLE the score
WEIGHTING FACTORS
The following apply to weighted scores:
Thumb x 6 Little x 2
lndex x 2 Hand & x 1
Middle x 3 forearm
Ring x 3
Digital nerve
Extensor tendon
Fig. 1 – (continued).
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relating to return to work have been obtained for the present
study.
This is a study investigating the outcome of upper limb
trauma in which severity was classified prospectively and
return to work data collected retrospectively. The patient pop-
ulation sustaining hand and forearm injuries is notoriously
susceptible to loss to follow-up, and by necessity the follow-
up period for this study is long. Significant efforts were taken
to maximise patient response, including offering question-
naire response by post or telephone interview, the latter at
morning, afternoon or evening appointments at the patient’s
convenience. Whilst not optimal, the 48% response rate
achieved is considered acceptable in light of such inherent dif-
ficulties for this kind of study.
Some demographic and injury severity differences were
noted between responders and non-responders in this study.First, responders were slightly, but significantly, older than
non-responders, an observation consistent with previous re-
search finding a correlation between age and response rate.8
Second, responders had more severe injuries than non-
responders. Possible explanations for this include greater ac-
cessibility for study recruitment of patients incapacitated
through injury, perhaps as a result of unemployment, or
a greater sense of gratitude towards the treating hand unit
amongst patients sustaining more severe injuries, potentially
increasing study compliance.We felt that this discrepancy be-
tween responders and non-responders was irrelevant to data
interpretation, however, since this study did not investigate
return to work in responders versus non-responders. Instead,
return to work was compared between pre-determined sever-
ity strata of respondents, amongst whom eachMHISS severity
category was represented similarly and sufficiently for valid
statistical comparison.
Table 2 – Characteristics of responders compared with non-responders
Responders Non-responders Responders–non-responders (95% CI), p value
N 84 92
Age (SD) 39.4 (12.8) 33.9 (13.8) 5.5 (1.5–9.4), p ¼ 0.007
M:F 20:1 8:1 p ¼ 0.147
MHISS score, mean (SD) 74.0 (112) 45.7(62) 28.4 (1.7–55.1), p ¼ 0.038
MHISS category, n (%)
Minor 24 (28.6) 26 (28.3)
Moderate 20 (23.8) 32 (34.8) p ¼ 0.026
Severe 22 (26.2) 28 (30.4)
Major 18 (21.4) 6 (6.5)
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prognostic purposes have been discouraging. A prospective
evaluation of five lower limb scoring systems revealed high
specificity but low sensitivity for predicting limb salvage.9
This is appropriate in view of the potentially disastrous con-
sequences of a false negative test result predicting amputa-
tion of a salvageable limb. The MHISS score is proposed as
an aid to determining prognosis rather than treatment and
the consequences of test inaccuracy are therefore less critical.
The information provided is nonetheless valuable. The
knowledge that only 60% of patients return to work following
a Major injury andmay take over a year to do so could provide
the basis for making informed personal financial and retrain-
ing decisions at an early stage following a hand or forearm
injury.
Previous studies examining return to work after hand in-
jury have shown factors other than injury severity to be im-
portant. Bear-Lehman2 correlated return to work with early
referral to an Occupational Therapist, lack of 3rd party reim-
bursement during recovery and the level of attainment of Ac-
tivities of Daily Living. Rusch et al.10 showed that 81% of those
who blamed co-workers or equipment for their accident re-
fused to return to their previous work, compared with 27%
of those taking personal responsibility. It was suggested that
those accepting personal blame felt able to prevent future
hand injuries by changing specific behaviours, whereas those
blaming circumstances or others viewed the work environ-
ment as inherently dangerous. Supporting this view, Brewin
et al.11 showed that industrial accident survivors who blamed
themselves reported less anxiety and returned to work soonerReturn to Work by MHISS Category (p=0.003, OR=2.5,
95% C.I. 1.4-4.6)
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Fig. 2 – Proportion of patients returning to former
employment by MHISS severity category.than uninjured workers who attributed their accidents to ma-
chine failure or environmental factors.11
Interestingly, two of these studies found return to work to
be independent of injury severity.2,10 However, none formally
quantified injury severity. Bear-Lehman studied indirect mea-
sures of severity such as number of operations, number of ad-
missions, number of days spent in hospital and dominance of
the injured hand.2 The short follow-up of 2 months meant fi-
nal work status could not be accurately established, with
55.7% of the population defined as having ‘‘potential to return
to work’’. This is consistent with the present study, which
shows that some people successfully return to their former
employment over one year after their hand or forearm injury.
The population studied by Rusch et al.10 had been referred
for psychological treatment of posttraumatic stress with the
specific aim of overcoming workplace avoidance. All patients
were physically capable of performing their job after injury,
eliminating functional disability as the reason for workplace
avoidance. This population was therefore quite different
fromours, in whom injury severitywould be expected toman-
date change or cessation of employment for physical reasons
in some cases. Whilst it seems plausible to invoke causalFig. 3 – Kaplan–Meier survival plot of time to return to work
by MHISS category.
i n t e r n a t i o n a l j o u r n a l o f s u r g e r y 6 ( 2 0 0 8 ) 4 5 – 5 050attribution theory in individuals who do not return to work af-
ter injury despite being physically capable of doing so, we do
not feel it is the overriding factor determining return to
work for most people after an upper limb injury. The current
data provides evidence that injury severity, quantified using
the MHISS score, is an important determinant of return to
work after hand or forearm injury.
In thepresent study, an increase in return towork rate above
the underlying trend was noted for all injury severities around
6months, 1 year and 2 years post injury, suggesting that the
data, derived from recalled approximation of convalescent
timebypatients, couldhavebeensusceptible toa responseerror
in which patients were more likely to record a round number
(digit preference). Such error would not, however, influence
the relative relationships of curves stratified by injury severity
or theiroverall shape. It isalternativelypossible that thedataac-
curately reflects increased return to work rates at these time
points, potentially coinciding with events such as the expiry of
sickness certification or follow-up in theoutpatient department
andmedical declaration of fitness for return to work.
The main outcome of this study was that patients with in-
creasingly severeMHISS categories were decreasingly likely to
return to their former work. This observation could not be
explained by differences in injured hand dominance, main
household earner status or compensation-seeking behaviour.
For those patients who did return to work, MHISS severity also
predicted time taken to do so, with longer periods of convales-
cence for increasingly severe MHISS categories.Conflict of interest statement
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